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&) Anovercurrent protective circuit for modulated-conductivity type MOSFET.

6) Anovercurrent protective circuit for a BIFET (1) which has a
voltage detection circuit (12, 13) for detecting a voitage between
the drain and source of the BIFET (1) and a main switching circuit
(14) for lowering a voltage between the gate and source of the
BIFET )1) and preventing the failure or delay of turn-on of the
BIFET (1) according to the output of the voltage detection circuit
(12, 13).
There is a constant time delay before an instant at which the
main switching circuit becomes turned on during the initial turn-on
w= period of the BIFET (1) upon reception of the ON-gate signal.
< Such a situation can be prevented that during the initial turn
period of the BIFET (1), the overcurrent protective circuit oper-
ates so as to cause the BIFET not to be turned on, or o be turned
on after some delay.
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"An Overcurrent Protective Circuit for

Modulated-Conductivity Type MOSFET"

5 This invention relates to an overcurrent protective circuit
for a modulated-conductivity type MDSFET.

A modulated-conductivity type MOSFET (metal oxide
semiconductor field-effect transistor) is a FET which is provided
with a MOS gate input, operates in a bipolar mode, and has various

10 advantages such as rapid switehing speed and low ON (saturation)
voltage., This permits a high-power high-frequeney control which has
not been available by use of conventional bipolar transistors or
MOSFETs, and allows compactness and low cost of various apparatus to
be realised. Hereinafter, the above-deseribed modulated-

15 conduetivity type MOSFET is simply referred to as BIFET (Bipolar,
mode FET).

Figure 1 shows a basic chopper circuit for a BIFET, wherein
reference numeral 1 designates the BIFET. In Figure 1, the
operation of turn-on and -off of the BIFET 1 functions so as to

20 supply power from a DC power sour<.:e 2toa load 3. The BIFET 1 is
on-off controlled by a gate signal generating circuit 50 which has a
gate power source 4 that supplies,a positive voltage to the gate of
the BIFET 1, a gate power source 5 that supplies a negative voltage

to the same, ard
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bipolar transistors 6 through 9 that amplify a control signal

received at a control signal input terminal 10. When the
control signal input terminal 10 of the gate signal generating
circuit 50 receives a positive signal, the transistors 6 and
7 are turned on so as to supply a positive voltage from the
gate power source 4 through an output terminal 11 to the gate
of the BIFET 1, which is thereby turned on. When the control
signal input terminal 10 receives a negative signal, the
transistors 8 and 9 are turned on so as to supply a negative
voltage from the gate power source 5 through the output
terminal 11 to the gate of the BIFET 1, which is thereby
turned off.

Figure 2 is a graph illustrating one example of
characteristics between a drain voltage Vp and a drain
current Ip, both of a BIFET. As shown, when operated with
gate voltages Vg higher, ON voltages of the BIFET become
lower, whereby power loss therein can be reduced.

In Figure 1, when a short-circuit failure occurs within
the load 3, the voltage between the drain and source of the
BIFET 1 rises up to the voltage of the DC power source 2.

As a result of this, power loss within the BIFET 1 becomes
excessively large, thereby causing it to be damaged. Should
the BIFET 1 be operated with the gate voltages lower taking
such a failure within the load 3 into consideration, as seen
from Figure 4, ON voltages of the BIFET 1 become higher,
whereby the power loss within the BIFET at ON state becomes

larger.
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To solve the abovementioned problem, there is provided

an overcurrent protective circuit shown in Figure 3. 1In
Figure 3, between the drain and source of the BIFET 1, are
connected resistors 12 and 13 in series, and a voltage
between the drain and source is detected across the resistor
13. Between the gate and source of the BIFET 1, are
connected a resistor 41 and a transistor 427in series, and
the base of the transistor 42 is connected through a zener
diode 43 to the higher potential side of the resistor 13.
The gate of the BIFET 1 is connected through a resistor 44
to the output terminal 11 of the gate signal generating
circuit 50.

In operation, when the occurrence of failure within
the load 3 causes an overcurrent to flow through the BIFET 1,
the ON voltage of the BIFET 1 rises. This ON voltage is
divided by the resistors 12 and 13, and when the voltage
across the resistor 13 exceeds the zener voltage value of
the zener diode 43, a current flows into the base of the
transistor 42. This causes the transistor 42 to be turned
on, so that the voltage of the gaterpower source 4 becones
divided by the resistors 41 and 44 so as to be lowered.
For example, assuming that the voltage of the gate power
source 4 is 15 V and both the resistors 41 and 44 are 50 @,
the gate voltage of the BIFET 1 is 15 V when operated in
normal operation, however, after a short-circuit failure
has occurred within the load 3, the gate voltage is lowered
to 7.5 V, whereby a current that flows through the BIFET 1

can be reduced. On the other hand, when the BIFET 1 is
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turned on with the load 3 which is in normal state, there
exists, at the initial turn-on period thereof, a delay time
of several tens of nanoseconds. Thus, during the period of
several tens of nanoseconds from an instant at which a
positive gate voltage is applied to the gate of the BIFET 1,
the voltage of the DC power source 2 is applied between the
drain and source of the BIFET 1. During this period, a
current flows into the base of the transistor 42, so that
the gate voltage of the BIFET 1 becomes lower value. However,
as time advanced, the ON voltage of the BIFET 1 is gradually
lowered, and ultimately reaches a value of several volts.
Should a voltage developed across the resistor 13 at this
instant become lower than the zener voltage of thé zener
diodes 43, the transistor 42 becomes turned off and the gate
voltage of the BIFET 1 rises up to the voltage of the gate
power source 4, so that the BIFET 1 can be operated such
that the ON voltage thereof becomes sufficiently lowered.
Figure 4 is a graph illustrating the relationship
between a drain current Ip(max) and a drain-source voltage
Vp of a BIFET in the case when the BIFET is damaged due to
an overcurrent that flows thereinto. In Figure 4, the
hatched portion is a region in which the BIFET is damaged.
As can be seen from the graph, Ip(max) is in inverse
proportion to V,, and it becomes significant that the
overcurrent be reduced as low as poséible particularly
when the BIFET is utilized in a high voltage circuit.
To achieve this, it is necessary that the gate voltage

of the BIFET be restricted either below Vth (a minimum gate
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voltage to cause the BIFET to be Oﬁ—state) so as to cease
the flow of current, or below a value of approximately
Vth + 3 V so as to sufficiently reduce a current that
substantially flows.

However, in the conventional protective circuit shown
in Figure 3, should the resistors 41 and 44 be determined
such that the gate voltage of the BIFET 1 becomes less than
or equal to Vth when an overcurrent flows into the BIFET 1,
there are developed such problems as follows. First, as
described above, at the initial turn-on period of the BIFET 1,
the voltage of the DC power source 2 is applied between the
drain and source of the BIFET 1, so that the transistor 42
becomes ON-state, and at this instant the gate voltage of
the BIFET 1 inevitablyrdecreases to a level of less than or
equal to Vth. As a result of this, tﬁe BIFET 1 does not
become turned on, or the turn-on time thereof becomes
extremely longer. Second, in the case when a failure within
the load 3 causes the protective circuit to operate, an
overcurrent that flows through the BIFET 1 decreases
abruptly, so that a voltage applied to the BIFET 1 oscillates
due to a stray inductance component of the circuit, and the
voltage developed across the resistor 13 becomes temporarily
lower than the zener voltage of the zener diode 43. At this
instant, the transistor 42 becomes turned off, and a high
gate voltage is applied again to the BIFET 1, thereby causing
an overcurrent to flow. The above-described repetition

induces oscillatory phenomena within the circuit.
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The present invention seeks to provide a highly reliable
overcurrent protective circuit for a BIFET.

Therefore, according to the present invention, there is
provided an overcurrent protection cirecuit for a BIFET whose gate is
connected in use to an output terminal of a gate signal generating
cireuit, the protection circuit comprising voltage detection means for
detecting the voltage between the drain and source of said BIFET
charaeterised in that:

said overcurrent protective circuit further comprises main
switehing means which is arranged to lower the voltage between the
gate and source of said BIFET to prevent the failure or delay of turn-
on of said BIFET in response to the output of said voltage detection
means.

Some embodiments of the invention will now be deseribed by
way of example with referenee to the aeccompanying drawings, in which:
Figure 1 is a diagram illustrating a basie circuit

configuration for a BIFET;

Figure 2 is a graph illustrating voltage-current
characteristies for a BIFET;

Figure 3 is a diagram illustrating a ecireuit configuration
for a BIFET provided with a conventional overcurrent protective
eircuit; ’

Figure 4 is a graph illustrating an operational region
wherein the BIFET is in danger of being damaged;

Figure 5 is a diagram illustrating a BIFET circuit

configuration of one embodiment according to the present invention;
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and

Figures 6 and 7 are diagrams illustrating BIFET circuit
configurations of other embodiments of the present invention
respectively.

Figure 5 shows a eircuit configuration of one embodiment., 1In
Figure 5, the portions corresponding to those of the basie circuit
shown in Figure 1 are designated by reference numerals identical to
those in Figure 1, so that detailed descriptions thereof are omitted.
To proviae a voltage detection circuit that detects the voltage
between the drain and source of the BIFET 1, resistors 12 and 13 are
connected in series between the drain and source of the BIFET 1 in the
same manner as in Figure 3. To provide a circuit that lowers a
voltage between the gate and source of the BIFET 1 when an overcurrent
flows therethrough, a series circuit of a thyristor 14 and a MOSFET 15
is connected between the gate and source of the BIFET 1. The gate of
the thyristor 14 is connected through a zener diode 16 that functions
as a trigger diode to the high potential side end of the resistor 13
which is the output terminal of the voltage deteetion circuit.
Between the gate of the BIFET 1 and the output terminal 11 of the gate
signal generating ecircuit 50, is provided a resistor 18, and between
the gate of the MOSFET 15 and the output terminal 11 of the gate
signal generating circuit 50, is also provided a resistor 19. The
combination of the resistor 19 and the gate stray capacitance of the
MOSFET 15 constitutes a delay circuit. A zener diode 17 is connected
between the drain and source of the MOSFET 15, so as to prevent an

overvoltage.
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The time constant of the delay circuit constituted by the
resistor 19 and the gate stray capacitance of the MOSFET 15 is set
such that the MOSFET 15 does not become turned on before the BIFET 1
becomes turned on. Specifically, for example, the time constant of
the delay circuit is determined such that the MOSFET 15 does not
become turned on until an instant at which a voltage between the drain
and source of the BIFET 1 lowers by 10% after reception of ON-gate
signal. -

In the above deséribed protective cirecuit, assume that a
positive signal is applied to the control signal input terminal 10 of
the gate signal generating circuit, whereby the BIFET 1 maintains on-
state, when a short-circuit failure has occurred within the load 3.
In this case, an overcurrent flows through the BIFET 1, whereby the
ON-voltage thereof rises and is divided by the resistors 12 and 13 so
as to be detected. Here, the MOSFET 15 is in the on-state as a result
of the ON-gate signal from the gate signal generating circuit 50.
When a voltage developed across the resistor 13 exceeds the zener
voltage of the zener diode 16, a gate current flows through the
thyristor 14, which in turn becomes turned on. - When the thyristor 14
changes to the on state, the voltage between the gate and source of
the BIFET 1 becomes the sum of the ON-voltage of the thyristor 14 and
the ON-voltage of the MOSFET 15. The sum can readily be restricted to
less than 2 volts. The threshold voltage Vth of the BIFET 1, is
approximately 5 volts, so that when an overcurrent flows through the
BIFET 1, the voltage between the gate and source thereof can be

restricted less than Vth, so that the overcurrent can completely be
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interrupted. Further, once the thyristor 14 has become turned on, the
thyristor 14 maintains on-state as long as the anode thereof is in a
positive potential, so that even when the overcurrent of the BIFET 1
is abruptly decreased causing voltage oscillation and the gate voltage
of the thyristor 14 to be lowered, the voltage between the gate and
source of the BIFET 1 can be restricted to less than Vth so that no
further overcurrent can flow into the BIFET 1.

Next, the operation of the eircuit during the initial turn-on
period of the BIFET 1 will be deseribed. When a positive control
signal is applied to the control input terminal 10 of the gate signal
generating circuit, a positive ON-gate signal is supplied from the
output terminal 11 to the gate of the BIFET 1 through the resistor 18,
while at the same time, ON-gate signal is applied also to the gate of
the MOSFET 15 through the resistor 19. In this case, the gate voltage
of the MOSFET 15 is raised in accordance with a charging time constant
determined by the resistor 19 and the gate stray capacitance, and when
the gate voltage of the MOSFET 15 reaches the Vth thereof, the MOSFET
15 becomes turned on. In this embodiment, a time required for the
MOSFET 15 to become turned on is set to be longer than the turn-on
delay time of the BIFET 1, so that even while the ON-voltage in the
initial turn-on period of the BIFET 1 is higher, the MOSFET 15 still
remains in off-state resulting in that the thyristor 14 maintains off-
state. Therefore, to the gate of the BIFET 1, is supplied a high
level ON-gate signal. As time passes, the MOSFET 15 becomes turned
on, however, at this instant, the ON-voltage of the BIFET 1 has

already




10

15

20

25

0206505
become sufficiently io%er: so that the thyristor 14 can never
be turned on. Therefore, in the overcurrent protective
circuit of this embodiment, a high level ON-gate signal can
be supplied to the gate of the BIFET 1 except the case when
an overcurrent flows through the BIFET 1, consequently a
turn-on failure or a turn-on delay of the BIFET 1 can be
prevented. In Figure 5,.reference numeral 31 designates a
photo—-coupler whose light-emitting element is connected in
series to a thyristor 14, and whose light-receiving element
is connected to a resistor 32. The photo-coupler 31
functions to detect an instant at which both the thyristor
14 and a MOSFET 15 become turned on. A voltage across the
resistor 32 is fed through a waveform shaping circuit 33 and
a flip-flop circuit 34 into one of input terminals of an
AND logic circuit 36. To the other input terminal 37 of the
AND logic circuit 36, is suppliédra control signal of logical
state "1" or "0". Reference numeral 38 designates a level
conversion circuit that converts an output of the AND logic
circuit 36 into a signal with positive or negative polarity.
The output terminal of the level conversion circuit 38 is
connected to the control input terminal 10 of the gate signal
generating circuit 50.

Here, the normal operations of the aboveﬁentioned
circuit configuration will be described. To the reset
terminal 35 of the flip-flop circuit 34, is applied a signal
so as to cause the output of the flip-flop circuit 34 to be
invariably a logical state "1". On the other hand, to the

control input terminal 37 of the AND logic circuit 36, is
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applied a signal of logical state "1" or "0" so as to cause

the BIFET 1 to be turned on or turned off. In this case,
the output of the AND logic circuit 36 .comes to the same
logical state as that of the signal received at the control
input terminal 37, and is fed into the level conversion
circuit 38 so as to be converted into a signal with positive
or negative polarity, and4supplied to the control signal
input terminal 10 of the gate signal generating circuit.
As a result of this, a positive ON-gate signal or a negative
OFF-gate signal is supplied from the output terminal 11 of
the gate signal generating circuit to the gate of the BIFET 1.
Next, the operations in the case when an overcurrent
flows through the BIFET 1 will be described. When an
overcurrent flows through the BIFET 1, the thyristor 14
becomes turned on, whereby the gate voltage of the BIFET 1
is lowered. At this instant, a current flows through the
light-emitting element side of the photo-coupler 31 connected
in series to the thyristor 14, thereby developing a voltage
across the resistor 32. This voltage is converted into a
specified logic level signal within the waveform shaping
circuit 33, and in turn, fed into the flip~flop circuit 34.
This causes the output of the flip-flop circuit 34 to be
inverted to "0", and as a result, the output of the AND logic
circuit 36 also becomes "0", so that to the control input
terminal 10 of the gate signal generating circuit 50, is
supplied a negative voltage, consequently the supply of the

ON-gate signal to the BIFET 1 is ceased.
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As described above, in this embodiment, there can be
provided not only an overcurrent protection for a BIFET, but
also an automatic control such that when an overcurrent flows
through the BIFET, the operation of a gate signal generating

5 circuit is automatically ceased.

Figure 6 shows a circuit configuration of an embodiment
which has improved on the embodiment shown in Figure 5. 1In
the previous embodiment, there is necessitated a certain
period of time from commencement to interruption of an

10 ©vercurrent that flows through the BIFET 1. This timé is
determined by’?h%ime required for the thyristor 14 to become
turned on, and is usually of 2 to 3 usec. During this period

. of time, " the overcurrent flows continuously through the
BIFET 1, which is thereby in danger of being damaged. 1In

15 . this embodiment, the abovementioned disadvantage is
effectively overcome by providing, in addition to the
protéctive circuit shown in Figure 5, a series circuit
of a bipolar transistor 20 and a MOSFET 21 between the gate
and source of the BIFET 1. Between the drain and source of

20 the BIFET 1, is additionally provided a series circuit of
resistors 24 and 25 as a voltage detection circuit. The base
of the transistor 20 is connected through a zener diode 22 to
the high potential side end of the resistor 25. The gate of
the MOSFET 21 is, in common with the gate of the MOSFET 15,

25 connected through the resistor 19 to the output terminal 11.
Between the drain and source of the MOSFET 21, is connected

a zener diode 23 so as to prevent an overvoltage.
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In the abovementioned circuit, when a short-circuit

failure occurs within the load 3, as described above, an
overcurrent flows through the BIFET 1, whereby the ON-voltage
thereof rises. This causes both the voltages respectively
across the resistors 13 and 25 to be raised, and when these
voltages respectively exceed the zener voltages of the zener
diodes 16 and 22, currents” respectively flow to the gate of
the thyristor 14 and the base of the transistor 20. As
described above, the thyristor 14 has a turn-on time of 2

to 3 usec, however, during this period, the transistor 20
first becomes turned on. Namely, the voltage between the
gate and source of the BIFET 1 is lowered to the sum of the
ON-voltage of the transistor 20 and the ON-voltage of the
MOSFET 21, and this causes the overcurrent that flows through
the BIFET 1 to be interrupted. When the overcurrent is
interfupted, as described above, there is such a possibility
that the voltage between the drain and source of the BIFET 1
oscillates, however, after a time of 2 to 3 usec from
commencement of the overcurrent, the thyristor 14 becomes
completely turned on, so that the voltage between the gate
and source of the BIFET 1 can be maintained below the Vth
thereof, whereby the reoccurrence of the overcurrent within
the BIFET 1 can be prevented.

As described above, in this embodiment, the BIFET 1 can
be more effectively protected from the overcurrent compared
to the previous embodiment.

Moreover, the circuit configuration that automatically

controls the operation of the gate signal generating circuit
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shown in Figure 5 can similarly be adapted to the circuit in the
embodiment shown in Figure 6.

Figure 7 shows a circuit configuration of another
embodiment. A series circuit of a diode 27 and a MOSFET 26 between
the gate and source of the BIFET 1 acts to lower the voltage between
the gate and source of the BIFET when an overcurrent flows through
it. The gate of the MOSFET 26 is connected through a parallel
cireuit of a resistor 29 and a diode 28 to the high potential side
end of the resistor 13 which is the output terminal of the voltage
detection ecircuit. The resistor 28 and the diode 29 together with
the gate input capacitance of the MOSFET 26 constitute a specified
time constant circuit. As a ecircuit that selectively short-circuits
the high potential side end of the resistor 13 which is the output
terminal of the voltage detection ecireuit, there are provided a MOS-
INVERTER that comprises a MOSFET 40 and a resistor 43, and a MOSFET
30 which is controlled by the MOS-INVERTER. The input terminal of
the MOS-INVERTER is connected through a resistor 41 to the output
terminal 11 of the gate signal generating eircuit 50. The resistor
41, together with the gate input capacitance of the MOSFET 40
constitutes a delay eircuit. Between the drain and source of the
MOSFET 30, is provided a zener diode 39 for overvoltage protection.

The time constant of the' delay circuit constituted by the
resistor 41 and the MOSFET 40 is determined such that the MOSFET 26
does not become turned on before the BIFET 1 becomes turned on,

namely the MOSFET 30 remains turned on.
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Specifically, for exaﬁbfé,.ahe time constant of the delay
circuit is determined such that the MOSFET 30 does not become
turned off until an instant at which a voltage between the
drain and source of the BIFET 1 lowers by 10% after reception
of ON-gate signal.

In the above-described protective circuit, when a
positive signal is applied- to the control signal input
terminal 10 of the gate signal generating circuit 50, ON-gate
signal is supplied from the output terminal 11 through the
resistor 42 to the gate of the BIFET 1, which in turn, is
turned on. While at the same time, ON-gate signal is
supplied through the resistor 41 also to the gate of the
MOSFET 40, however, an instant at which the MOSFET 40 becomes
turned on is delayed by virtue of the delay circuit
constituted by the resistor 41 and the gate input capacitance
of the MOSFET 40 by a specified time compared to an instant
at which the BIFET 1 becomes turned on. When the MOSFET 40
becomes turned on, the MOSFET 30 connected in parallel with
the resistor 13 becomes turned off. This means that the
MOSFET 30 short—-circuits both ends of the resistor 13 during
the specified initial turn-on period of the BEFET 1.

When a negative control signal is applied to the control
input terminal 10 of the gate signal generating circuit, a
negative OFF-gate signal is produced from the output terminal
11 so as to turn off the BIFET 1. While at the same time,
the negative OFF-gate signal is supplied also to the gate of
the MOSFET 40, which in turn becomes turned off. Thus, the

MOSFET 30 becomes turned on so as to short-circuit the
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resistor 13 of the voltage detection circuit.

As described above, in this overcurrent protective
circuit, the MOSFET 30 remains turned on during the turn-off
period and the specified initial turn-on period of the
BIFET 1, whereby the high potential side end of the resistor
13 which is the output terminal of the voltage detection
circuit remains connected to the ground node.

In the abovementioned circuit configuration, the
description will be made as to the operations in the case
when an overcurrent flows through the BIFET 1 upon occurrence
of failure within the load 3. When an overcurrent flows
through the BIFET 1, the ON-voltage thereof is raised. At
this instant, the MOSFET 30 provided in parallel with the
resistor 13 of the voltage detection circuit is in off state,
and across the resistor 13, is cobtained a voltage
corresponding to the ON-voltage of the BIFET 1. This
voltage is applied through the diode 29 to the gate of the
MOSFET 26, and when the voltage exceeds the threshold voltage
thereof, the MOSFET 26 becomes turned on. As a result, the
voltage between the gate and source of the BIFET 1 is lowered
to a value which is the sum of the ON—voltagé of the MOSFET
26 and the forward voltage of the diode 27. The sum is
determined as a value sufficiently lower than the threshold
voltage of the BIFET 1, whereby the overcurrent that flows
through the BIFET 1 is interrupted.

As described above, when the overcurrent is interrupted,
the voltage between the drain and source of the BIFET 1

oscillates. However, in the circuit configuration of this
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embodiment, even when such oscillations exist, the BIFET 1

can never be turned on again, so that no overcurrent flows
therethrough. The reasons for this are as follows. At the
gate of the MOSFET 26 that short-circuits between the gate
and source of the BIFET 1, is provided the resistor 28
connected in parallel with the diode 29. When the voltage
between the drain and source of the BIFET 1 oscillates
causing the terminal voltage across the resistor 13 to be
lowered, charge stored by the effect of the gate input
capacitance of the MOSFET 26 is discharged through the
resistor 28. However, in this embodiment, the time constant
of this discharge is determined so large that the discharge
time required for the gate voltage of the MOSFET 26 to reach
Vth, the threshold voltage thereof, becomes longer than the -w
oscillatory period of the voltage between the drain and
source of the BIFET 1. Consequently, even when the voltage
between the drain and source of the BIFET 1 becomes zero,
the MOSFET 26 can never be turned off, and this prevents
that the BIFET 1 becomes turned on again to flow an
overcurrent.

Mo;eover, in the circuit configuration of this
embodiment, when operated in normal operation, as described
above, the MOSFET 30 remains turned on for a specified time
after application of ON-gate signal to the BIFET 1.
Therefore, during the turn-on delay time of the BIFET 1,
the high potential side end of the resistor 13, which is the
output terminal of the voltage detection circuit, is short-

circuited to the ground node, so that the MOSFET 14 can never
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be turned on, whereby a turn-on failure or turn-on delay of

the BIFET 1 can be prevented.
Moreover, the photo—coupler shown in Figure 5 can
similarly be adapted to the circuit in the embodiment shown

in Figure 7.
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CLAIMS

1. An overcurrent protection circuit for a BIFET (1) whose
gate is connected in use to an output terminal of a gate signal
generating eircuit (50), the protection circuit comprising voltage
detection means (12, 13) for detecting the voltage between the drain
and source of said BIFET characterised in that:

said overcurrent protective ecircuit further comprises main
switching means (14) which is arranged to lower the voltage between
the gate and soure of said BIFET to prevent the failure or delay of
turn-on of said BIFET in response to the output of said voltage

detection means.

2. An overcurrent protection circuit aceording to claim 1
wherein said main switching means includes a thyristor (14) whose
anode is connected to the gate of said BIFET, a first zener diode
(16) connected to the gate of said thyristor,

a first MOSFET (15) whose drain is connected to the cathode
of said thyristor and whose source is connected to the source of
said BIFET, and a first delay means (19) connected between the gate
of said first MOSFET and said output terminal of said gate signal

»

generating circuit.

3. An overcurrent protection circuit according to claim 1
wherein said main switching means comprises a first MOSFET (26)

whose gate is connected to the source of said BIFET, a first diode
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(27) connected between the gate of said BIFET and the drain of said
first MOSFET, first delay mears (28) connected between the gate of
said first MOSFET and said output terminal of voltage detection
means, and short-circuiting means (30, 40, 43) for short-circuiting
the output terminals of said voltage detection means during the off-
period and g specified initial turn-on period of said BIFET under

the control of an output of said gate signal generating eircuit.

4, An overcurrent protectio_n cireuit according to eclaim 1
further comprising a subswitehing means (20, 21) for lowering the
voltage between the gate and source of said BIFET and preventing the
failure or delay of turn-on of said BIFET, and a second voltage
detection means (24, 25) for detecting a voltage between the drain

and source of said BIFET.

5. An overcurrent protection eircuit according to claim 2
further comprising a second zener diode (17) connected between the
drain and source of said first MOSFET so as to prevent an

overvoltage.

6. An overcurrent protection circuit according to elaim 2 or
claim 5 wherein sgid first delay ﬂ;eans comprises a resistor (19)
connected between the output terminal of said gate signal generating
circuit and the gate of said first MOSFET, and the capacitance of

said first MOSFET.
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7. An overcurrent protection circuit according to any one of
claims 2, 5 or 6 further comprising a photo coupler (31) connected

between the gate of said BIFET and the anode of said thyristor.

8. An overcurrent protection circuit according to claim 2 or
any of claims 5 to 7, wherein the time constant of the delay circuit
is set so as to keep said MOSFET in an off-state during the period
in which an ON-gate signal is not applied to the gate of said
modulated-conductivity type MOSFET and during the initial turn-on
period in which the voltage between the drain and source of said
modulated-conductivity type MOSFET is lowered by at least 10%
compared to that before reception of the on-gate signal at the gate

thereof.

9. An overcurrent protection circuit according to claim 3
wherein said short-circuiting means is comprised of a second MOSFET -
for short-ecircuiting the output terminals of said voltage detection
means, a MOS-INVERTER having a third MOSFET whose drain is connected
to the gate of said second MOSFET, and a second delay means
connected between the output terminal of said gate signal generating
circuit and the gate of said second MDSFET.

10. An overcurrent protection circuit according to claim 3
wherein first delay means is comprised of a resistor (28) and a

second diode (29) connected in parallel with said resistor.
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11, An overcurrent protection ecircuit according to claim 3
further comprising a photo coupler (31) connected between the gate

of said BIFET and the anode of said first diode.

12. An overcurrent protection circuit aecording to eclaim 4
wherein said subswitehing means is comprised of a bipolar transistor
whose collector connected to the gate of said BIFET, a third zener
diode copnected between the base of said bipolar transistor and the
output terminal of said voltage detection means, and a second MOSFET
whose drain is connected to the emitter of said bipolar transistor
and whose source is connected to the source of said BIFET, :a second
delay means being connected to the gate of said seecond MOSFET.

13. An overcurrent proteection circuit according to claim 9
wherein said second delay means is comprised of a second resistor
connected between the output terminal of said gate signal generatiné

circuit and the gate of said third MOSFET, and the capacitance of

said third MOSFET.

14, An overcurrent protection circuit according to claim 12
further comprising a third zener diode connected between the drain

and source of said second MOSFET for preventing an overvoltage.

15. An overcurrent protection circuit according to claim 12
wherein said second delay means comprises a first resistor connected

between the output terminal of said gate signal generating cireuit
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and the gate of said MOSFET, and the capacitance of said second

MOSFET.
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